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Abstract 
 
The D.Arch project I have chosen is a case study of the IES (Integrated Environmental 
Solutions Virtual Environment) Software.  The objective of this case study is to 
challenge the software’s modules capabilities i.e. Radiance, Suncast, and Apache 
SIM, in conjunction with the Revit MEP (Mechanical, Electrical, and Plumbing) 
Modeling software.  Revit MEP is a building information modeling software developed 
by Autodesk.  The other component to the D.Arch Project is an entry into an 
Architecture Student competition called Leading Edge 2007/2008. 
 
Leading Edge Student Competition 2007/2008 is sponsored by UCSB (University of 
California Santa Barbara).  I chose this competition because building performance 
analysis is a requirement.  I will select a base-case building that has satisfactory 
energy efficiency standards.  I will then compare my design to the base case model.  I 
will quantify the comparable results and identify the correlations between design 
changes and building performance. 
 
I will also do a comparative analysis between IES VE and Green Building Studio.  
Green Building Studio is a free online service-based company.  This analysis results 
will reveal the true value of the latest attempts to curb climate change via technology.  
Although this part of my D.Arch Project is not a requirement of the competition, I 
believe that any new data in the comparison between building simulation software’s 
is valuable to the AEC (Architecture, Engineering, and Construction) community. 
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Background/Field of Study 
 
Building Information Modeling and Building Performance Simulation are two 
fairly new niches being developed in the AEC industry.  Still in their infancy relative to 
other disciplines in the AEC industry, BIM and Simulation tools are becoming more 
common place in the workplace and classrooms.  Sustainability is another topic that 
many are quick to jump on the proverbial “Bandwagon” but none the less a worth 
cause.  It is important to point out that BIM has not received that same welcome and 
success as the “Sustainability Movement”.  It is obvious that global changes in 
climate, politics, and resources management will ultimately impact the earth that we 
live on. 
 
I will first discuss the main concepts and history of building simulation, 
building information modeling, and sustainability.  Then, I will introduce the IES and 
Revit software’s union. Lastly I will give an explanation of the 2007/2008 Leading 
Edge Competition. 
 
Building Simulation 
 
History and Concepts 
 
The total spectrum of "building simulation" is very wide as it spans energy and 
mass flow, structural durability, aging, egress and even construction site simulation.  
This area of building performance simulation has its foundation in early studies of 
energy and mass flow processes in the built environment.  Meanwhile, the role of 
simulation tools in the design and engineering of buildings has been firmly 
established.  The early groundwork was done in the 1960s and 1970s, mainly in the 
energy performance field followed by an expansion into other fields such as lighting, 
  
Saupan 2
Heating Ventilation and Air-Conditioning (HVAC), air flow, and others.1   
 
In the mid-'70s 2nd generation programs began to emerge.  These stressed 
the chronological aspect of the problem, particularly with respect to long time 
constant elements such as multilayered constructions.  The underlying calculation 
methods remained analytical and slow: time or frequency domain response factors 
were used to model the dynamic response of constructional elements, while HVAC 
system modeling was confined to the steady state. 
 
With the advent of more powerful personal computing, 3rd generation 
programs began to emerged as a practical prospect in the mid-'80s.  These assume 
that only the space and time dimensions are independent variables; all other system 
parameters are dependent so that no single energy transfer process can be solved in 
isolation.  This signaled the beginning of integrated modeling whereby the thermal, 
visual and acoustic aspects of performance are considered together.2 
 
In the mid-'90’s, domain integration work continued apace with the addition of 
program interoperability and the response to the growing uptake by practitioners, 
new developments commenced concerned with knowledge-based user interfaces, 
application quality control and user training.  More recent additions relate to 
combined moisture and heat transfer, acoustics, control systems, and various 
combinations with urban and micro climate simulations.  As tools got better, their 
proliferation into the consultant's offices across the world accelerated.  A new set of 
challenges presents itself for the next decade.  They relate to achieving an increased 
level of quality control and attaining broad integration of simulation expertise and 
tools in all stages of the building process.  The use of design tools has up till now 
remained to a “tool-box” by which the designer must recognize a particular task, 
                                                 
1Godfried Augenbroe, and Ali M. Malkawi, Advanced Building Simulation (New York: Spon 
Press, 2003).  
2J A Clarke, Energy Simulation in Building Design (Oxford: Heinemann, Butterworth, 2001).  
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locate a suitable program, apply it and translate its outputs to appropriate 
modifications to the design.  This is a poor model in that the tools are isolated from 
the process and require the designer to translate between data models.  A computer-
supported design environment (CSDE) evolves the design hypothesis in such a way 
that the computer applications are able to automatically access the data describing 
the design and give feedback on all aspects of performance and cost in terms 
meaningful to the designer.  The attainment of such a CSDE is a not difficult task 
requiring the development of a computational model of the design process in which 
the role of each participant, human and otherwise, is clearly defined.  Fig 1 shows the 
tool-box approach and CSDE approach towards simulation. 
 
 
 
Fig. 1. a) tool-box approach b) CSDE approach  
 
Simulation is credited with speeding up the design process, increasing 
efficiency, and enabling the comparison of a broader range of design variables.  
Simulation provides a better understanding of the consequences of design decisions, 
which increases the effectiveness of the engineering design process as a whole.  But 
the relevance of simulation in the design process is not always recognized by design 
teams, and if recognized, simulation tools cannot always deliver effective answers.  
This is particularly true in the early design stages as many early research efforts to 
implement "simplified" of "designer-friendly" “simulation instruments in design 
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studios have not accomplished their objectives.  One of the reasons is the fact that 
the "designer" and the "design process" are moving targets.  The Internet has played 
an important role in this.  The "instant" accessibility of domain experts and their 
specialized analysis tools through the Internet has de-emphasized the need to import 
"designer-friendly" tools into the nucleus of the design team.  Instead of migrating 
tools to the center of the team, the opposite migration may now become the 
dominant trend, which is, delegating a growing number of analysis tasks to (remote) 
domain experts.  The latter trend recognizes that the irreplaceable knowledge of 
domain experts and their advanced tool sets is very hard to be matched by designer-
friendly variants.  With this recognition, sustaining complete, coherent and expressive 
communications between remote simulation experts and other design team 
members has surfaced as the real challenge.3 
 
Simulation is also becoming increasingly relevant in other stages of a project, 
that is, after the design is completed.  Main application opportunities for simulation 
are expected during the commissioning and operational facility management phases.  
Meanwhile, the "appearance" of simulation is changing constantly, not in the least as 
a result of the Internet revolution.  This is exemplified by new forms of remote, 
collaborative and pervasive simulation, enabling the discipline to become a daily 
instrument in the design and operation of buildings.  The traditional consultancy-
driven role of simulation in design analysis is also about to change.  Design analysis 
does not exist in isolation.  The whole analysis process, from initial design analysis 
request to model preparation, simulation deployment and interpretation needs to be 
managed in the context of a pending design, commissioning or maintenance decision.  
This demands that associations between decisions over the service life of a building 
and the deployment of building simulation must be managed and enforced openly 
across all members of the design, engineering and facility management team.  A new 
category of web-enabled groupware is emerging for that purpose.  This development 
may have a big impact on the simulation profession once the opportunities to insert 
                                                 
3Augenbroe and Malkawi, Advanced Building Simulation.  
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simulation facilities in this type of groupware are fully recognized.4 
 
 
BIM + Sustainability 
 
BIM vs. IDM 
 
There are many misconceptions on what BIM means.  At first glance, it is 
obvious to say that it means what it says, and that is the absolute truth.  BIM or 
Building Information Modeling is a type of 3D modeling software that uses 
parametric equations to define relationships between objects that comprise the 
building.  Software’s like Revit, Sketchup and ArchiCAD are the most popular titles on 
the market today.  BIM offers a big advantage to designers and engineers alike 
because BIM allows for less changes need to be made if the design changes and less 
RFI’s.  BIM allows the designer to work with consultants seamlessly and earlier in the 
design phase.  Integrated Practice is a new type of practice being seen today and BIM 
had a major role in it being conceived. 
 
Communication has improved some what over the past few years due to the 
introduction of BIM, but still a lot of room for improvement.  IDM (Integrated Design 
Model) on the other hand is the “sister” BIM.  In European countries BIM is referred 
to as IDM.  This difference in labeling is proof that there is no sense or effort to reach 
a common ground that will be recognized world-wide. 
 
I’ve been working with “BIM” (Building Information Modeling) technologies for 
around 5 years now.  It would be longer, but before BIM was known by a variety of 
other acronyms, none of which adequately summarized what BIM is.  Compare this to 
                                                 
4Augenbroe and Malkawi.  
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using the acronym “CAD” (or CADD as some people refer to it).  CAD means Computer 
Aided Design which is so vague as to be virtually indefinable, yet we all inherently 
know what CAD means.  The context we use it in helps to define it.  BIM, on the other 
hand, has very little context at this point and when it does it is often confused and 
unclear. 
 
3D alone does not give you a Building Information Modeling solution.  
Consider a Sketchup model - a representation of a building, project or component in 
3D.  There is no added intelligence to give you any “data” about the project.  To 
understand what each element represents it is necessary for the person using the 
model to interpret the geometry.  As soon as you add the model into Google Earth it 
suddenly inherits additional project information: where it exists spatially.  The model 
has now become “BIM”. 
 
Conversely, BIM does not have to be in 3D.  It is quite possible to have a BIM 
model in 2D alone.  A simple example is the use of a line and arc to represent a door.  
Once those elements have been put on a doors layer (e.g. A-G322-G-Door in the AEC 
CAD Standard) they now have added intelligence; building information that tells 
someone using the file what those elements represent.  Taking that further the 
elements could be part of a block or cell with attributes (tags) added to them.  This is 
a simple 2D Building Information Modeling concept. 
 
Autodesk have got a powerful marketing machine.  For years now I’ve heard 
people tell me how they would do something in “CAD”.  “What software?”  I always 
reply.  “CAD, you know, Autodesk CAD”.  The same thing appears to be happening 
with BIM.  The terms BIM and Revit are becoming interchangeable.  Be aware that 
Revit, whilst being a BIM solution, is not BIM.  Even if you use Revit you can use it 
without being BIM at all. 
 
BIM is not a single database or “single building model”.  This is one of the 
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main confusions with regard to adopting BIM.  A lot of people believe BIM has to be a 
single database from which every party extracts their information in the format they 
require.  Even some software manufacturers describe BIM as having to use a single 
database in order for it to be BIM: 
 
“Building information modeling solutions has three characteristics: 
(1) They create and operate on digital databases for collaboration. 
(2) They manage change throughout those databases so that a change to any 
part of the database is coordinated in all other parts. 
(3) They capture and preserve information for reuse by additional industry-
specific applications.” 
 
It is better to think of BIM as a series of models.  You may have an 
architectural model (in 3D); you may have a structural model (in 2D).  Each of these 
models may be made up from a series of DGN or DWG references to allow individual 
access to a package of work.  BIM doesn’t have to be any different to existing CAD in 
terms of processes and data management. 
 
BIM is not Project Lifecycle Management.  For some reason as soon as BIM is 
mentioned the assumption is made that “it’s only BIM if everyone in the team, from 
conception to facilities management is involved”.  While well-managed data will 
improve the flow of information through the design, construction and post-
construction phases, this is not a definitive requirement of BIM. Far from it; I would 
always recommend anyone starting down the BIM road to consider only their internal 
benefits in the first instance.  Understand where the production “bottlenecks” occur 
and see if there is a BIM solution that can address them.  It may be drawing or 
schedule production, or the dynamic linking of the two together, or any number of 
design processes that can be improved internally.  Only once you have developed a 
sound working method for your project can you start to consider the rest of the office.  
Only once you have developed sound working procedures for your office can you start 
to consider the implications of including other collaborators into the equation.  Take 
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it one simple step at a time; there are an infinite number of shades of grey between 
black and white.  
 
BIM is not Building Information Modeling.  I find it helps to think of BIM as 
Building Information Management rather than modeling.  Just like CAD isn’t only 
vector-based lines, arcs and circles, but is instead a mix of vector elements, raster 
images, printer configurations, plot styles or pen tables, Word files, spreadsheets, 
and a whole host of other hybrid formats and data, so is BIM.  It’s not a single piece 
of software, it’s not a database, it’s not a 3D model, and it’s not a particular phase in 
a project - although it can be all of these things. 
 
So what is BIM?  In simple terms BIM is the management of project 
information, both the construction of that data and the iterative process of 
exchanging it.  BIM is the added intelligence to project data that allows anyone to 
interpret that data correctly, removing the risk of assumptions.  BIM is the process by 
which the right information is made available to the right person at the right time.5 
 
 
Sustainability Paradigm 
 
The concept of sustainability is not new at all.  The American Indians were 
considered one of the most sustainable indigenous people to ever walk the earth.  
One can argue that climate change is to blame for the sustainability uprising.  The 
creation the internal combustion engine is mainly to blame for the recent climate 
changes.  Climate change is natural occurring event in the earths past, but in recent 
years large amounts of CO2 and CO gases and other ozone damaging gases are 
being released into the atmosphere at rate at which will change the natural earth 
cycles, particularly ocean currents and sea levels changes, and plunge the world into 
                                                 
5Nigel Davis, “(Mis) Understanding BIM,” Eat Your CAD (03/26/2007).  
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chaos. 
 
Many of the world’s leaders, leaders of large corporations, and policy makers 
are taking notice and now everyone and their proverbial “grandmother” wants to slow 
down climate change.  This rapid growth in sustainability has created a market that 
has been inundated with products claiming to be “green” but they are really not.  This 
kind of abuse on sustainability is becoming more common in today’s markets. 
Nowadays, Designers need to research thoroughly before considering a green 
product. 
 
The Construction Industry world-wide is the biggest contributor to CO2 and CO 
being released into the atmosphere.  Designers are now being challenged to 
incorporate green strategies into their buildings.  Clients are asking for green design 
on a regular basis and architects have noticed this trend.  Green design is more 
difficult that conventional design.  The considerations within the design process must 
go far beyond a gut-feeling about performance or the application of popular 
components such as green walls or bamboo flooring.  Energy performance is a 
changing relationship between interior and exterior factors that influence the 
systems within a building.  Green buildings are best known for the things they do less 
(use less energy, use less water…have less particles/pollution within the indoor air).  
The building science behind green building isn’t easy to understand.  Architecture is, 
in the end, the act of making building science real…or at least it should be.  The way 
a design team calculates how much fuel is needed to heat, ventilate, light and cool 
usable space determines the actual efficiency of a building post-construction.  Issues 
such as the length of day, location of the site relative to the equator, building type, 
wind current, solar exposure, sun azimuth , total heat degree days, total cooling 
degree days and topography are just a few of the factors needing to be considered.  
Most design teams, and more importantly – many developers, decide performance 
levels of the mechanical systems based on a “rule of thumb”.6 
                                                 
6Neil Chambers, “Better Software = Better Buildings,” Tree Hugger 06.18.07.  
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Revit MEP + IES VE = Sustainable Design Integration 
 
Early this year Autodesk announced its partnership with IES VE (Integrated 
Environmental Solutions Virtual Environment) LTD.  This is a big statement by the 
software giant Autodesk.  Autodesk is probably recognized as the leader in Design 
Software and by joining with IES it has declared IES as the best building performance 
tool.  The AEC industry has been waiting for years for purpose-built-BIM-Building 
Performance Assessment software that is “user-friendly” and able to be deployed 
into the design group as early as the conceptual stage. 
 
The integration between the Revit platform and the <VE> features a link 
between the Revit BIM and the IES analysis software.  There's no need to recreate 
the building geometry, because users can pass the BIM room geometry and data 
directly to the <VE> and with one mouse click run a variety of analyses without 
specialized skills, separate analysis packages or separate models for each analysis.  
This tight integration allows Revit users to quickly and easily analyze alternative 
green designs.  Thermal and Daylighting studies that would have taken weeks (if they 
were done at all) can be done in minutes, and the results are output in a HTML 
report.  The quality and speed of the technical feedback enables firms to use building 
analysis tools for sustainable design rather than just equipment sizing.  More 
importantly, these tools can be used in the very earliest stages of the design process 
to help monitor and guide a design rather than waiting until the end of the design 
process and using building analysis for just validation when design changes at that 
point are difficult and costly to accommodate.  The integration manifests itself within 
both Revit and the <VE>.  Revit MEP, developed for mechanical, electrical and 
plumbing engineers and designers, has a native functionality for heating and cooling 
load analysis that uses established IES methodology.  In the <VE> you can use the 
new Sustainability Toolkit to perform thermal assessments and Daylighting 
calculations.   
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Fig. 2. The Sustainability Toolkit lets designers conduct a variety of analyses all based on Revit BIM. 
 
The Sustainability Toolkit (Fig.2) is an analysis package within the <VE>, 
unique to the Revit platform, that lets architects conduct a variety of analyses: 
ASHRAE load calculations, dynamic thermal analysis and Daylighting assessment -- 
and produce a LEED Daylighting credit report, all based on the Revit Building model.  
As mentioned above, the integration features a link between Revit BIM and the IES 
analysis software, so there's no need to recreate the building geometry for analysis.  
The analysis is launched with a single icon, and the feedback is a simple HTML 
report.  This analysis package allows architects to receive quick feedback on their 
design; feedback such as how much energy the building will use, what are the 
anticipated CO2 emissions and if the building will pass LEED Daylighting 
requirements.  By giving architects the ability to quickly and easily assess their design 
for building performance; they can make better informed building-design decisions to 
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iterate on a greener design. 
 
The IES VE software package by itself has a multitude of module that can 
assist designers in all aspects of green design.  The IT Modeler in IES allows you to 
create vector geometry-based objects instead of using Revit MEP.  Although it is 
possible to design the building in Revit and export it into a gbxml format and open it 
in IES.  There is no longer a need to create separate design models to do isolate 
analysis on i.e. Daylighting, Thermal Comfort, and CFD.  IES and Revit MEP BIM single 
model concept allow designers make quick changes without the lag of redrawing.  
IES extracts the physical model in Revit and converts it into an Analytical model that 
is used to do the complex calculations.  The ability for a single model to have both 
physical and analytical properties is only realized through the BIM.7 
 
2007/2008 Leading Edge Competition 
 
The 2007/2008 Leading Edge Student Design Competition seeks to support 
and enhance the study of sustainable and energy-efficient building practices in 
architectural education.  We Encourage students and instructors of architecture and 
design to use the competition as a framework to explore the use of new materials 
and strategies for building, and the integration of aesthetics and technology for high 
performance, cutting-edge architecture.  This year, the competition will focus on the 
coastal environment of beautiful Santa Barbara. Students entering Challenge 1 will 
design an Environmental and History Center with display space in an historic barn. 
 
                                                 
7Rick Rundell, “1-2-3 Revit: BIM and Analysis for Sustainable Design,” Cadalyst (4/10/2007).  
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Fig. 3. The Santa Ynez Mountains north of Santa Barbara. This mountain range, running east to west, 
parallel with the coast separates Santa Barbara from the interior of California, and provides fresh 
water in rivers and creeks. 
 
Background and History 
 
The 2007/2008 Leading Edge Student Design Competition site is located in 
Santa Barbara, California on the West Campus of the University of California a Santa 
Barbara.  Before European arrival, the California coast was home to many groups of 
native peoples.  The Chumash (Fig.4) inhabited the coastal and inland areas between 
Malibu and Paso Robles from 13,000 years ago until the present.  The abundant 
food supply from the ocean as well as the mild climate made for a relatively gentle 
environment for a hunter and gatherer culture.  The Chumash inhabited villages 
offshore on the Channel Islands, along the coast, and along creeks in the forested 
uplands.  The mainstay of their diet was fish and shellfish as well as meat from small 
and large mammals. Similar to other indigenous peoples from California, ground 
acorns was another important element of their diet.  Their population may have 
exceeded 20,000 people, divided into several language dialects.  The Chumash are 
also known for their use of shell bead money: they are one of 
the only Native American cultures known to have independently 
developed the use of money before European contact. 
 
 
Fig. 4. Chumash Indian 
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The first Europeans to travel through Santa Barbara were Spanish explorers 
moving up the coast from Mexico. Juan Rodriguez Cabrillo, generally credited with 
“discovering” California for Spain, documented his meetings with the Chumash in the 
area in 1542.  More than two hundred years later, in 1782, as the Spanish began to 
build outposts in California, the Presidio and Mission of Santa Barbara were founded: 
the presidio to protect the little Spanish settlement of Santa Barbara and the mission 
to convert the Chumash to Christianity.  Mission Santa Barbara is the 10th of 21 
missions built in California.  While many will claim that the Spanish brought a 
benevolent civilization to the native peoples, the fact is that the diseases that 
European settlers inadvertently brought with them, such as measles and small pox, 
decimated the Chumash people, and along with the enforced loss of their lands and 
culture, nearly caused their extinction. 
 
 
 
Fig. 5. Front façade of Mission Santa Barbara. The two towers are unusual for California Missions. 
Note the Adobe arcaded building on the left. 
 
The Mission Santa Barbara (Fig.5) has survived to the present, and unlike 
many other California Missions, has remained a functioning parish since its founding. 
The stone building was damaged in two earthquakes: 1812 and 1925. It was 
enlarged and rebuilt after the first quake, and rebuilt and restored to its original 
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appearance after the second earthquake.  The Presidio protected a small village and 
harbor that soon grew into a thriving seaport, and was incorporated as a town in 
1850. When the Southern Pacific Railroad arrived in Santa Barbara in 1887, it 
became a traveler’s destination, and its reputation as a beautiful seaside resort town 
was established.  After suffering extensive damage in the same 1925 earthquake 
that destroyed the mission, city business owners decided to rebuild their downtown 
entirely in the Spanish Mediterranean Style. This revival style was very popular at the 
time for residential structures, but was not commonly used in commercial 
construction. These guidelines have remained in force downtown to this day, 
resulting in a uniquely-styled downtown business district (Fig.6). 
 
 
 
Fig. 6. A section of State Street in downtown Santa Barbara showing the Spanish Mediterranean 
Revival Style Architecture. This style gives the area a charming feel. 
 
Nestled between the Santa Ynez Mountains and the Pacific Ocean, Santa 
Barbara is now promoted as “The American Riviera”. The Mediterranean climate, 
sandy beaches, nearby mountains, and high real estate values seem to support this 
comparison. In fact, Santa Barbara and its neighbor Montecito are home to a 
disproportionate number of the rich and famous, many seeking respite from Los 
Angeles and Hollywood, which are a relatively short travel distance away. 
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UCSB 
 
In 1944 a teacher’s college, Santa Barbara College, joined the University of 
California system as Santa Barbara College of the University of California. This 
campus was originally envisioned as a liberal arts college, with emphasis on teacher 
training, however over time, the campus has evolved into a full-fledged university. In 
1950 the university purchased the Marine Corps Air Station at Goleta Point outside of 
the Santa Barbara City limits, and relocated the campus there in 1954. This location 
is the main campus to this day, a 408-acre site on a mesa above the ocean 9 miles 
west of Santa Barbara. 
 
 fig.8                       fig.7 
 
Fig. 7. Storke Tower, the central campus landmark. 
Fig. 8. Central UCB Campus with its interconnecting network of bike paths and walkways. 
 
The university consists of 17,000 undergraduate students, 95% of who are 
from California, 3,000 graduate students and approximately 1,000 faculty members. 
The university offers approximately 200 majors and degrees to their students. 
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Fig. 9. Aerial view of the coastline at UCSB. Note the dense development in Isla Vista bordered by 
West Campus on the left and the main campus on the right. Devereux Slough is the large sandy area 
above the West Campus text in this image. 
 
 
Housing students in one of the most expensive real estate markets in the 
country is a challenge for the university. Santa Barbara County has allowed 
development to occur in several parcels adjacent to the campus, most notably Isla 
Vista, an unincorporated town directly west of the main campus. This very dense 
community of 18,000 residents is comprised of 95% rental housing, and the 
residents have a median age of 21 years old.  Isla Vista School, an elementary school 
built by the Goleta School District, serves the children of Isla Vista and adjacent 
housing areas. This school borders our competition site. In addition to Isla Vista, the 
County also allowed a private developer to build two 10-story dormitory towers off 
campus. These dorms, Francisco Torres, are the tallest structures in the area, and 
visible from the competition site. 
 
Demographics 
 
This demographic information obtained form the 2000 US Census suggests 
  
Saupan 18
that Santa Barbara and Isla Vista are more heavily Caucasian areas relative to the 
rest of California. It is interesting to note that the student population in Isla Vista is 
somewhat more diverse than Santa Barbara (more Asians and African Americans), 
but still less diverse than California as a whole.8 
 
Table 1. Demographic chart for Santa Barbara 
 
 
Percent of Residents in 
Santa Barbara 
 
Percent of Residents 
in Isla Vista 
 
Percent of Residents 
In California 
 
    
Whites 74 69.5 59.5 
African 
American 
1.8 2.1 6.7 
Native 
American 
1.1 0.6 1.0 
Asian 2.8 11.6 10.9 
Pacific 
Islander 
0.1 0.2 0.3 
Other 16.4 10.2 16.9 
Mixed-Race 3.8 5.8 3.7 
    
Hispanic 
Latino 
35 20 32 
Not Latino 65 80 68 
    
Median Age 
(yrs) 
34.5 21 33 
                                                 
8Pat Heatherly, 2007/2008 Leading Edge Competition (Santa Barbara: UCSB, 2007) 5 Oct 2007 
<http://www.leadingedgecompettition.org>.  
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Doctorate Project Statement 
 
The case study on the IES VE is an attempt to examine new building 
performances assessment tools and compare them to previous tools sets.  Green 
Building Studio’s online simulation tool is the first union between Autodesk and 
simulation software.  Green Building Studio is free service for up to 5 runs.  I will only 
do the same amount of runs with IES to make it even.  With the recent 
announcement of the partnering of Autodesk and IES, I find it would be valuable to 
compare the two quantifiably.  The results will show students and professionals alike 
the advantages in using a user-friendly BIM-based simulation tools that are either 
reasonable priced (IES VE) or one that is free online (up to 5 runs: additional runs are 
$4 per run/$0.50 per room).   
 
The Leading Edge Competition gives me a building to test the software’s 
capabilities on and its objectives are well suited for my D.Arch Project and they are: 
 
• Explore energy efficiency as a basic standard of building design. 
• Incorporate principles of sustainability in the choice of building materials, 
water use and building design. 
• Investigate new building materials and methodologies that contribute to 
sustainable or energy-efficient design. 
• Understand the impact of solar orientation, wind orientation, building 
massing, construction methods, and material choices on building function and 
energy use. 
• Develop an awareness of appropriate technology for particular building 
types, regional climates, and site location. 
• Explore state-of-the-art computer modeling tools for predicting and 
evaluating the impact of design decisions on building performance and energy 
conservation. 
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The Competition is open to all undergraduate and graduate students of 
architecture, engineering, drafting, and environmental design at two-year colleges, 
technical schools, four- and five-year colleges and universities. Students may enter 
as individuals or teams.  The competition may be treated as a class project or a 
separate independent study.  A faculty member must supervise all participants.  The 
competition is divided into two levels or challenges:  Challenge 1 for all students 
above the second year of their training (i.e. third year through graduate students) and 
Challenge 2 for first and second year students.  Teams comprised of students at both 
levels must enter Challenge 1.  Instructors are responsible for evaluating the 
students’ class standings and determining which challenge the students will enter. 
 
The duration of the competition will be any consecutive ten-week period within 
an academic quarter or semester. Completed entries may be submitted prior to the 
submission deadline. 
 
Competition schedule 
 
March 28, 2008 Final Registration Deadline 
April 11, 2008 Final Deadline for Submission of Questions Regarding Competition 
Program, Site, and Submission Requirements 
April 18, 2008 Final posting of Questions and Answers on the Website 
June 13, 2008 Deadline for Receipt of Entries 
August 29, 2008 Winners Notified and Posted on Website 
Sept. 12, 2008 Judges Comments for All Entries Posted on the Website 
 
Juries of technical and design experts will evaluate all entries that meet the 
entrance requirements.  The jurors are selected for their design experience and 
knowledge of energy efficient and environmentally responsive design and 
construction Jurors are: 
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Technical Jury 
Randall T. Higa, P.E. 
Southern California Edison 
Chris Scruton 
California Energy Commission 
 
Design Jury 
Gregg D. Ander, FAIA 
Southern California Edison 
Alison Kwok, Ph.D., AIA, LEED AP 
University of Oregon, Department of Architecture 
Nancy Clanton, P.E. FIES, LC, IALD 
Clanton & Associates 
 
Sponsors 
California Energy Commission www.energy.ca.gov 
 
New Buildings Institute, Inc. www.newbuildings.org 
 
Pacific Gas and Electric www.pge.com 
 
Sacramento Municipal Utility District www.smud.org 
 
Southern California Edison www.sce.com 
 
Entry Format 
 
Entrants in Challenge 1 may submit two or three 30” x 40” boards arranged 
with the 40” edge vertical.  Entrants in Challenge 2 should submit two 30” X 40” 
boards arranged as above.  The boards should be a lightweight rigid material such as 
illustration or foam core boards.  They may not be more than 1/2” thick and no part 
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of the entry may project from the surface or the boundaries of the boards.  No 
Masonite or heavy board material will be accepted.  Creative and informative board 
designs are very important.  The best entries will clearly communicate both the 
design intent and environmental concepts used in the project in a pleasing and 
appealing fashion.  Use of text, titles, and graphic symbols to explain and identify 
important aspects of the proposal is encouraged.  Presentations may be made in any 
print, drawing, or photographic medium including prints from CAD, 3-D modeling, or 
rendering programs, however entrants should keep in mind that the boards will be 
handled by the Competition staff before and during judging and photographed after 
judging.  Any presentation medium should resist smudging or smearing under normal 
handling conditions and all mounted materials should be attached securely.  Entries 
that consist of more than one board should be clearly marked on the back to indicate 
the arrangement of the boards (i.e. right, middle, left, top, bottom).  All boards and 
documents must be marked with the entrant’s registration number on the back.  No 
other identifying mark is allowed.  Any entry that does not maintain the entrant’s 
anonymity will be disqualified. 
 
Narrative 
 
Each entry must include a brief narrative of approximately 500 words 
somewhere on the face of the boards.  The narrative should discuss the overall 
energy efficiency and environmental sustainability aspects of the design.  Each 
narrative should describe the way in which the design specifically addresses the 
technical requirements.  For example, this discussion might include specific details of 
the window placement, shading design, thermal mass strategies, natural ventilation 
applications, Daylighting strategies, water recycling systems, vegetation choice, kinds 
and placement of paving, and any other approaches used to conserve resources and 
reduce heating and/or cooling loads.  The narrative must defend all choices, 
including material selections, placement of features, equipment, and ventilation 
designs, etc.  The defense of each feature must have technical merit, which is 
supported by the diagrams or the calculations included in the presentation.  This is 
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very important: The narrative must demonstrate how your technical calculations 
informed and changed your design.  The narrative must relate to and refer to the 
plans, sections, elevations and details shown in the presentation.  The judges read 
the narratives carefully as they evaluate the entries; your narrative should clearly 
present your design intent and process. 
 
Required Drawings & Technical Submittals for Challenge 1 
 
These drawings and technical submittals are required. Failure to submit all 
the items in this list will result in disqualification. All plans and site plans should be 
clearly marked with a north arrow. Scale should be indicated on all plans, sections, 
elevations and cross-sections. 
 
1. Site Plan. Provide an overall site plan of the Environment & History (E&H) Center 
site. Include any landscaping and site features within boundaries of the “Challenge 1 
Site” as well as the plaza and the barn. All energy efficient and resource conserving 
features of the site plan should be labeled. Scale: 1/16”=1’-0”. 
 
2. Floor Plans. Provide floor plans of all levels of the E&H Center and the Barn. Any 
energy efficient and sustainable features that are apparent in the floor plans should 
be labeled. Scale: 1/8”=1’-0”. 
 
3. Detailed Floor Plans. Provide detailed floor plans of one of the E&H Center 
classrooms. Label all important aspects of the plans, including any energy efficiency, 
Daylighting, ventilation, or sustainable features. Scale: 1/4”=1’-0”. 
 
4. Elevations. Provide at least two principal exterior elevations of the E&H center that 
illustrate massing, openings, materials, and related elements. Label all important 
design elements, and clearly label the elevation’s orientation. Scale: 1/8”=1’-0”. 
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5. Cross Sections. Provide one longitudinal and one transverse section through the 
E&H Center, and at least one detailed cross section though the classroom shown in 
the detailed floor plans. The sections should be chosen to illustrate the different 
Daylighting and ventilation strategies used for the building and for the classroom. 
Those elements should be clearly labeled on the drawing. Scale: 1/8”=1’-0” or 
1/4”=1’-0”. 
 
6. Wall Section. Provide one detailed wall section (foundation through roof) that 
illustrates the proposed materials and construction assemblies for the classroom. 
Label and clearly explain all energy-efficient and sustainable strategies in all 
construction assemblies (i.e. floors, walls, roof, fenestration, etc.). Scale: 3/4”=1’-0” 
or 3/8”=1’-0”. 
 
7. Perspective Drawings. Provide at least one pedestrian’s eye level perspective 
drawing that illustrates important aspects of the design. 
 
8. Supporting Drawings, Graphs, and Diagrams. Include any additional drawings, 
photos, diagrams, or graphs necessary to convey the design proposal to the jury. This 
may include images of models, solar angle diagrams, shading diagrams, ventilation 
diagrams, and summaries of energy performance analyses, calculations and/or any 
other materials that will illustrate the design intentions. This material must fit on the 
display surface of the boards. Inclusion of relevant numerical analysis is encouraged 
to justify design decisions; however, inclusion of multiple sheets of tabulated 
numerical output is discouraged. Avoid the use of “magic arrows”, ventilation arrows 
that illustrate air moving as if by magic, on the ventilation diagrams. 
 
9. Technical Requirements. As part of Challenge 1, all students are required to 
quantify the energy efficiency and sustainability of their projects. These technical 
requirements will be carried out on a single classroom in the design. This classroom 
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should be the one used for the detailed drawings in Item 3 above and should be 
chosen to illustrate energy and environmental strategies that are most challenging 
given the site and orientation. Each entrant is required to submit three of the 
technical tasks in Part I of the Technical Requirements or submit an energy 
simulation model.  Summaries of the completed technical tasks as well as 
discussions of the results should be shown on the face of the project boards. 
Worksheets and calculation sheets may be placed in an envelope and attached to 
the back of the boards.  If an energy simulation model is completed, place relevant 
summary results on the front of the board, with more complete output attached to 
the back of the board. 
 
Building Performance Simulation Model 
 
Challenge 1 entrants will model their building design with an energy 
simulation tool of your choice. Focus on the performance of the classroom shown in 
your detailed floor plans. Challenge 1 entrants should use a non-residential 
simulation tool since these spaces are internally loaded, and do not have heating 
and cooling needs similar to residences. 
 
1. Model a base case building, which meets basic energy efficiency standards. 
Compare your design to the base case structure. 
 
2. Demonstrate the results of your energy simulation model by including 
charts, graphs or other outputs that illustrate the energy performance of the 
building as part of your presentation. Some of these outputs may be included 
in the graphic presentation; however, a complete set of outputs should be 
included in an envelope attached to the back of the boards.  
 
3. Include a brief written analysis describing the simulation program that you 
used and summarizing and interpreting the results. Discuss the design 
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changes that were made to improve the energy efficiency of your building 
above the base case. What other changes could be made to the building to 
improve its performance?9 
 
                                                 
9Heatherly.  
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Research Documentation 
 
This chapter will go into detail the kind of data that will be generated and 
digested during the course of the D.Arch project.  An analysis of a test model for the 
project was needed to test the basic features of the Revit MEP IES VE integration.  A 
tutorial provide in the software was selected as the test model.  Slight modifications 
in location and weather data input data was made to the analytical model to get 
more accurate data output.  Further analysis maybe done using the Sustainability 
Toolkit module that is accessible via link to IES.  IES is needed to use the 
Sustainability Toolkit and therefore needs to be installed on to the computer.  If IES is 
not installed, then only the Apache Load Calculation is available for use. 
 
Test Model 
 
 
 
Fig. 10. Test Model 3D 
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Fig. 11. Level 1 
 
 
Fig. 12. Level 2 
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Fig. 13. Elevations Top (East), Bottom (West) 
 
 
 
Fig. 14. Elevations Top (North) Bottom (South) 
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Fig. 15. Sections Top (Section 1) Middle ( Section 2) Bottom ( Section 3) 
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Fig. 16. Mechanical Zones Level 1 
 
 
 
Fig. 17. Mechanical Zones Level 2 
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Heat & Cool Load Simulation 
 
The tool used for the heating and cooling load is Apache Loads.  Apache 
Loads is the single integrated module into Revit MEP.  Apache Loads Apache Loads 
calculates design heating and cooling loads, using procedures lay down by the 
American Society of Heating Refrigeration and Air-Conditioning Engineers (ASHRAE). 
These calculations, based on the ASHRAE Heat Balance Method, are performed in 
seconds on the model created within the IES <Virtual Environment>. Apache Loads is 
used internationally where the ASHRAE procedures are recognized. 
 
Apache Loads uses the Integrated Data Model (IDM) generated within the IES 
<Virtual Environment>. You can make any number of design changes within the 
APACHE view, which is a series of facilities inside the <Virtual Environment> enabling 
you to edit the thermal properties of your IDM. 
 
 
Apache Loads uses the IDM to undertake two principal calculations: 
 
· Steady state heat loss calculations to predict the heating requirements for the 
building  
 
· A heating loads calculation, based on the ASHRAE Heat Balance Method, to predict 
the building cooling requirements. The heat gain calculations can be performed for a 
selected design day of the week, and for a range of design months. 
 
The results from these calculations can be interrogated. Several post-processing 
calculations can then be performed, such as boiler, chiller sizing and room air supply 
rates.10 
                                                 
10Autodesk, Revit User Guide (USA: Autodesk, 2007).  
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Analytical Model 
 
 Before a load simulation is done, preparation of the physical model needs to 
be modified.  Creation of zones in the physical model will allow the physical model to 
convert itself to an analytical model.  Using the Room & Area tool in Revit is the mode 
of achieving this kind of model.  After creating the zones, the model is ready for 
simulation.  Simulation starts when the user initiates the IES link.  Once connected, a 
window with the analytical model is shown with menu button that allow the user to 
access specific areas of the building that maybe of interests.  The user may change 
the properties of the building that affect the output data. 
 
 
 
Fig. 18. Heating and Cooling Load Window 
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Fig. 19. Building Type Settings 
 
 
Fig. 20. Room Settings 
 
Loads Report 
 
 The loads report contains a load summary for each room (zone) that the user 
created in the analytical model. 
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Fig. 21. Loads Report 
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11 
 
 
Weather Data 
 
Santa Barbara is at the northern most edge of the California Energy 
                                                 
11Autodesk.  
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Commission’s Climate Zone 6, which includes coastal areas from Los Angeles to 
Santa Barbara.  Temperatures in this zone are moderated by the proximity to the 
ocean and to coastal breezes. This climate is one of the most constant and less 
subject to extremes of either heat or cold, in all of California.12 
 
The weather data summarized below is for the weather station at the Santa 
Barbara Airport. The data comes from ASHRAE, “Climatic Data for Region X – Arizona, 
California, Hawaii, and Nevada. Fifth Edition, May 1982. All temperatures are 
expressed in degrees Fahrenheit. 
 
Latitude 34.42 N 
Longitude 19.70 W 
Elevation 49 ft 
Outdoor Daily Range of Temperature 20 Degrees 
 
Summer Design Temperatures 
 
 
 
Note 1: The 0.1% 9-hour level (i.e. this design temperature is exceeded only 9 
hours of the year) should be used only for extremely conservative work; projects that 
must hold the desired indoor temperature regardless of outside conditions.  The 
0.5% 44-hour level is for the average project.  The 2.0% 175-hour level is for projects 
where construction cost containment is more important than the exact maintenance 
of indoor temperature. 
                                                 
12Heatherly.  
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Note 2: Mean coincident wet bulb (MCWB) temperatures are the average wet 
bulb temperatures registered at the time of a design dry bulb temperature  
 
Winter Design Temperatures 
 
Percent (see note 3)             (F) 
Median of Extremes             34 
0.2%                                      38 
0.6%                                      41 
 
Note 3: It is suggested that the winter values be used as follows: Median of Extremes: 
Residential projects or projects with large glass area and light construction. 
 
0.2%: 18-hour: Projects of medium constructions that have mainly daytime use. 
0.6%, 53-hours: Projects of heavy construction. 
 
Heating Degree Days 
Base 65 1474.5 
Base 60 501.5 
Base 55 61 
Base 50 1.5 
Cooling Degree Days 
Base 80 0 
Base 75 0 
Base 70 63 
Base 65 459.5 
 
References 
Most of the following data come from Climate consultant 3.0 – California Climate 
Zone 6.  The Precipitation data comes from WWW.CITY-DATA.COM, 
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http://www.citydata. com/city/Isla-Vista-California.html. Climate Consultant is 
available for download at http://www2.aud.ucla.edu/energydesign- tools/ 
 
The prevailing winds are described by the following Wind Roses. Note that the 
prevailing breezes come from the west southwest, and are active year around. These 
prevailing breezes are cooling in the summer. Winter storm winds tend to come from 
the east and northeast. 
 
 
Fig. 22. Weather Data All Months 
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Fig. 23. Weather Data Apr to Oct 
 
 
Fig. 24. Weather Data Nov to Mar 
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Fig. 25. Annual Wind Speed Graph 
 
 
Fig. 26. Monthly Dry Bulb Temp. 
 
  
Saupan 43
 
Fig. 27. Annual Mean Dry Bulb Temp. 
 
 
Fig. 28.Annual Dry Bulb Temp vs. Time 
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Fig. 29. Dry Bulb 3D Graph 
 
 
Fig. 30. Thermal Comfort Chart 
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Fig. 31. Annual Relative Humidity vs. Dry Bulb Temp 
 
 
Fig. 32.Annual Average Sky Cover Graph 
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Fig. 33. Annual Average Solar Radiation 
 
 
Fig. 34. Annual Precipitation 
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Site and/or Context Documentation/Analysis 
 
The competition site is located at the intersection of the Isla Vista School 
Playground, the Camino Corto Open Space, and West Campus area.  Just north and 
west of the site is the UCSB Orfalea Family Children Center, a day care center for 
children of UCSB students and faculty, and southwest of the site is the remaining 
Devereux school and residence. 
 
The site for both competitions will be located directly north of the Campbell 
Barn. An approximately 4,000 sf. plaza of permeable paving and landscaping will be 
planned in front of the barn.  On the north side of the plaza will be the site for the 
Challenge 1 History and Environment Center.  On the west side will be the site for the 
Challenge 2 Student Residence. 
 
For the purposes of Challenge 1, the site and plaza should be considered flat 
and free of surface groundwater.  Entrants should assume that the three existing 
buildings within or adjacent to the Challenge 1 site: 364 Rudy House, 359 and 356 
West FM and CARP Storage, and 357 Barn (Fig.36) will be removed.  The line of 
Eucalyptus trees to the west of the Challenge 1 site follows the access road and was 
probably planted by the Campbell family.  While these trees are not native to this 
area, they will be retained adjacent to the site. 
 
West Campus 
 
West of Isla Vista is West Campus, the site for this year’s Competition 
Challenge. This area, located on a mesa above the ocean and bounded by a coastal 
slough, has a rich natural environment with many historical elements still extant. The 
mesa hosts upland grassland with riparian fingers feeding the Devereux Slough. It 
once contained numerous vernal pools which, along with the slough, supported much 
wildlife including migrating birds and waterfowl. The shores of the slough were also 
the site of one or more Chumash Villages. 
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Fig. 35. UCSB West Campus Map 
 
After the Spanish moved into the area it became part of a Spanish Land Grant, 
Rancho de Los Dos Pueblos.  The land was grazed heavily by cattle for many years, 
destroying most of the vernal pools.  In 1919, 500 acres was purchased by Colin 
Campbell, who built an estate on the mesa overlooking the ocean. Many of the 
original buildings and roads from the Campbell Ranch are still present on the West 
Campus, including the Campbell Barn that will be part of Challenge 1. In 1945, the 
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Campbell Ranch was purchased by Helena Devereux, who established a west coast 
branch of her Devereux School for physically and emotionally disabled children and 
adults.  The Devereux School used the Mediterranean-style Campbell House (Fig.37) 
as their administrative building, and built residential buildings around it (See West 
Campus Plan).  In the 1960s, the Devereux Foundation began selling portions of their 
property to the University, which established West Campus.  These sales were 
completed in March 2007 when the university purchased the last parcel including 
the buildings. For the near future, the Devereux School will lease back some of the 
buildings from the university and continue in operation, but the original Campbell 
House, (now named Jacobs Hall, after a donor who paid for its renovation) will now 
be under University Control. 
 
 
 
Fig. 36. The courtyard of the old Campbell House. It was built in the 1920s in a Spanish or Mission 
Revival Style. The Devereux School used this building as their main administrative building. 
 
 
Some portions of the West Campus have been preserved as open space 
(Fig.38). The university set aside a natural reserve area in the 1970s, Coal Oil Point 
Reserve. This reserve includes the Devereux Slough and so bounds the current West 
Campus. The area is named for the Oil Cracking Plant that briefly was in operation on 
adjacent property. On the other side of West Campus, Isla Vista Parks and Recreation 
purchased land and is in the process of restoring it as open space: Camino Corto 
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Open Space and Del Sol Vernal Pool Reserve. These sites are directly adjacent to the 
Isla Vista Elementary School. Students use paths in the open space to walk to school. 
The Camino Corto property borders directly on the Competition site. 
 
 
 
Fig. 37. Open Space Plan 
 
 
Campbell Barn 
 
The Campbell Barn (Fig.39) was designed in the 1920s, in an English Polo 
Barn Style, by Mary Craig, an important regional architect. Architectural drawings for 
the Barn will be available to entrants in the competition. After the university 
purchased the barn, it was used by student and faculty equestrians to house their 
horses and hay however an earthquake in 1978 caused significant damage to the 
barn’s foundation. Since that time the building has been “red-tagged” by the local 
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building official, and closed until structural repairs making the barn safe for access 
have been completed. The barn remains one of the oldest buildings on campus and 
with its links to the Campbell Ranch and Mary Craig; it qualifies as a historic 
landmark. The Challenge 1 program will adapt the barn for re-use as a display space, 
and the Challenge 2 program will design housing and tack rooms for a new university 
student equestrian program. 
 
 
 
Fig. 38. Campbell Barn as seen from Slough Road looking east. Camino Corto Open Space is beyond 
the white board fence. 
 
 
The Future 
 
Since the university first acquired the West Campus Property in 1967, there 
has been much discussion of how to develop it. Expanding housing and services to 
students and faculty is a very high priority, and so faculty housing was built between 
Isla Vista and the Devereux School property (Fig.38), and the Child Care Center was 
built near Isla Vista School. But the university has yet to significantly address the 
intersection of open space and historical structures in West Campus. This year’s 
competition will serve as a proposal for how to manage some of the competing 
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interests of development, historical preservation, environmental education and open 
space management on the Old Campbell Barn Site. 
 
 
Climate 
 
As has been mentioned above, Santa Barbara’s weather is the classic 
Mediterranean climate, with mild temperatures in the winters, warm temperatures in 
the summer, and about 300 days of sunshine a year. Average high temperatures are 
74 degrees, while average lows are in the 50’s. Summer high temperatures are 
mediated by coastal fog in the mornings and cooling breezes from the west in the 
afternoons. Cold winter winds tend to come from the east or east-southeast as the 
weather data indicates in the research documentation chapter.  Precipitation comes 
as rain almost exclusively in the winter months. The annual precipitation is 
approximately 15 inches. Santa Barbara boasts that there is no “offseason” in their 
weather; it is beautiful year-around.13 
 
 
Utility Providers 
 
Power: Southern California Edison 
Gas: Southern California Gas Company 
Water: Goleta Water District which uses surface water from the Cachuma Reservoir 
on the Santa Ynez River as well as ground water from district owned wells. 
Solid waste: Santa Barbara County Waste Management District. Solid waste is buried 
in Tajiguas Landfill. 
 
                                                 
13Heatherly.  
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Fig. 39. Aerial View of the Competition Site. North is up in this photo. The numbers and arrows refer to 
the Site photos which follow. The Campbell Barn is approximately in the center. Damage to the roof of 
the barn is visible. The trees at the bottom are the edge of a riparian zone which feeds the North 
Finger of the Devereux Slough. The circular fence at the 4 arrow no longer exists. The Caretakers 
House (Rudy House) is the gray roofed structure at the top. The black asphalt areas at the top right 
are paved ball courts for the elementary school playground. 
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 The following images are taken during a recent visit to the site.  The context 
and surround building are shown in multiple images in plan and still images.  Also 
provided are a flood control maps that have numbers that correspond to the images 
provided, Google Earth satellite images, and interior shots of the Campbell Barn. 
 
 
 
Fig. 40. 1) Site 2) Dormitories 3) Panoramic shot of open space 4) Elementary School 5) Faculty 
Housing 6) Devereux School 7) Devereux Slough Protected Reserve 8) Isla Vista Neighborhood 9) 
Vernal Pools, Paths, and small playground 10) Open Space 
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Fig. 41. Google Satellite Image 
 
 
Fig. 42. Google satellite image looking toward the Ynez mountain range 
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Fig. 43. Google satellite image looking toward the Channel Islands 
 
 
Fig. 44. Image 1 
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Fig. 45. Dormitory image 2 
 
 
Fig. 46. Image 3 
 
 
Fig. 47. Image 5 
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Fig. 48. Image 7 
 
 
Fig. 49. Image 9 
 
 
Fig. 50. Vernal Pools 
 
 
Fig. 51. View of Site from Faculty Housing 
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Fig. 52. Small Playground for Isla Vista Community 
 
 
Fig. 53. Interior Hay Stack Loft 
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Fig. 54. Horse Stables 
 
 
Fig. 55. Barn Roof Truss System 
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Program 
 
 
Design Challenge 1 
 
Students entering Design Challenge 1 are invited to design an Environment 
and History Center.  The center will be comprised of a 25,000 sf. new building, an 
exterior plaza, and the reuse of an existing approximately 3,500 sf. historic barn 
building.  The new building will be located on the site given in the Competition Site 
Plan. 
 
The center will serve a dual role of research and education about the 
environment and history of the West Campus area.  It will be open to the public as 
well as to students and faculty of UCSB and will host programs for UCSB students, 
adults, and kids, educating them about this special area. It will partially serve as a 
visitor’s center for the Camino Corto Open space, and will explain the special nature 
of the vernal pools in the area.  A new vernal pool will be constructed on the east side 
of the plaza on the Camino Corto property to serve as a demonstration pool for the 
center.  Example programs that could be hosted or presented in this center could 
include: Archeology of the Site, History of the Chumash Inhabitants, History of the 
Mission Rancho Period, History of the Campbell Ranch and the remaining buildings 
on site, History of the Barn and its construction, Ecology of the Coastal Region, 
Animals and Plants of this special area, the Devereux Slough and its unique 
environment, Ecology of Vernal Pools, Ecology of the shoreline, Agriculture on the site 
throughout history, etc. 
 
Because of its multiple roles of teaching, display, and research, the new 
building will have a number of classrooms, a library, and two display spaces, one in 
the lobby entry way. The primary display space, however, will be across the plaza in 
the Barn. 
 
The original drawings of the barn show a main building with 5 bays, the center 
aisle for hay storage flanked by two rows of stalls for the animals, and access aisles 
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on the outer side of the stalls.  The lean-to structures on the sides of the barn 
enclosed a separate stall for sick animals, a kitchen, 2 box stalls, and a harness 
room. 
The Barn’s status as a potential Landmark Building requires that its exterior 
construction, color, and finish not be modified.  All the existing doors and windows 
must be maintained and re-used as much as possible.  All changes to the building 
required by the adaptive re-use must be on the interior.  In order to be as sustainable 
as possible, students are encouraged to re-use the interior structure of the barn.  
Part of the intention of using the Barn as display space is also to display the inside of 
the barn as it was when it was in use. Thus, retaining the open rafters, the three aisle 
ways, and the stall construction is desirable when adapting the barn. The lofts that 
were built over the stall areas were probably accessed by a wood ladder and were 
most likely used to store hay and additional feed.  The program does not require that 
visitors access these lofts, however if the designers choose to make the lofts part of 
the display function, then disabled access must be provided by adding either an 
elevator or a ramp.  As this would constitute a significant change to the barn 
construction, entrants are discouraged from using the barn lofts for a public function.  
The repair of the barn exterior is not part of the scope of the Competition.  Students 
may assume that the exterior and the roof have been fully restored back to their 
original condition.  Left: Interior of the barn, looking north. Note the stalls on the 
ground level and the partial lofts above.  The high doors were used for ventilation and 
for bringing in hay to the lofts over the stall areas.  Right: Looking south along the 
west side stalls with the “Runway” or exterior access aisle on the right.  Note that the 
interior partitions that would normally enclose the stalls have been removed over the 
years. 
 
Any discrepancies between the photos of the barn and the drawings of the 
barn will be disregarded.  In the case of major discrepancies, students are to use the 
design and dimensions shown in the drawings. 
 
The plaza will be constructed of permeable paving or some other sustainable 
alternative.  Entrants will assume that the plaza can be constructed on grade with the 
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entrance to the barn, so that the main barn doors on the north side may be used as 
disabled access.  The paving material should be strong enough to allow for temporary 
vehicular access, when deliveries are made to the barn or the student residences of 
Challenge 2.   Appropriate landscaping should be added to the plaza. 
 
As always with public buildings, all public spaces must be accessible to 
disabled persons.  Exterior entrance stairs are to be avoided, and interior elevators or 
ramps are to be provided in addition to stairs to reach the upper floors.  Design 
judges will be looking for the new building to be sensitive to the barn’s design and to 
acknowledge its agricultural and historic elements without directly copying them.  The 
new building should take its place in the history of the site and the composition of 
the new plaza without overwhelming the barn or the residences. 
A more detailed program of suggested square footage for both buildings is given 
below:14 
 
Table 2.  Program for Main Building and Barn 
 
Program Elements Sf.(each) SF(total) 
 
  
Environment and History Building 
  
Entrance Lobby/display space 
2,000 2,000 
Entrance Kiosk and Gift Shop 
200 200 
Classroom (adults) 1,000 1,000 
Classroom (kids) 1,500 1,500 
Laboratory Classroom (adults) 
1,000 1,000 
Laboratory Classroom (kids) 
1,500 1,500 
                                                 
14Heatherly.  
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Lab Prep Room 
 
500 500 
Additional display space  1,500 1,500 
Lecture Hall  2,000 2,000 
Restrooms (1 of each type for each floor)  
 
350 1,400 
Library  
 
1,500 1,500 
10 Faculty/staff Offices  
 
150 1,500 
Administration Area: reception Director’s office, 
Administration office, Conference room, Copy Room 
 
1,200 1,200 
Vending Machine/Break Room  500 500 
Receiving Area/Delivery Entrance  500 500 
 
  
Subtotal Interior space   17,800 
 
  
Plus 40% for circulation   7,120 
 
  
Total Interior Space E&H Bldg.  
 
 24,920 
sf. 
 
  
Barn 
 
  
Display Space  2,000 2,000 
Entrance Kiosk/office  
 
200 200 
Managers Office  
 
150 150 
Staff Break Room  200 200 
Gift Shop  300 300 
One unisex public toilet  150 150 
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Total Interior Space – Barn*  3,000* sf. 
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Design Models 
 
Classroom Design 
 
 The focus of the Leading Edge 2007/2008 competition is to improve a typical 
classroom by using a building simulation software tool.  The size of a typical 
classroom is 28’ x 32’.  The typical height of a classroom a ceiling is 8’ 7”.  These 
dimensions are being used in the base case model.  The base case model is used to 
provide a base data to improve upon.  Also, a selection of construction types and 
mechanical system will be chosen to gain a better in site into how different 
assemblies perform under simulated conditions.  These construction types and 
mechanical systems will be discussed in the next section. 
Construction Types 
 
A variety of construction types were chosen for this project to determine the 
performance of each material.  Within the REVIT MEP software, I am able to select 
the material and assembly of a particular design element.  These design elements 
consist of Exterior Walls, Interior Walls, Roofs, Floors, Slabs, Doors, Exterior Windows, 
Interior Windows, and Skylights.  
The selections of the materials for the Construction Types are Wood, 
Concrete, Steel, Concrete Masonry Units, and a Hybrid.  The Hybrid assembly consists 
of CMU and Wood design elements. 
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Wood Construction 
 
Fig. 56. Wood Construction Assemblies 
 
 
Fig. 57. Timber Frame Wall 
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Fig. 58. Wood Floor Construction 
 
 
Fig. 59. Wood Roof Construction 
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Fig. 60. Wood Wall Construction Condensation Prediction Graph 
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Concrete Construction 
 
Fig. 61. Concrete Construction Assemblies 
 
 
Fig. 62. Concrete Wall 
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Fig. 63. Concrete Wall Condensation Prediction Graph 
 
 
 
 
Fig. 64. Concrete Floor Deck 
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Fig. 65. Concrete Floor Condensation Prediction Graph 
 
 
 
 
Fig. 66. Concrete Roof 
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Fig. 67. Concrete Roof Condensation Prediction Graph 
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Steel Construction 
 
Fig. 68. Steel Construction Assemblies 
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Fig. 69. Steel Wall Construction 
 
 
Fig. 70. Steel Wall Condensation Prediction Graph 
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Fig. 71. Steel Floor Construction 
 
 
Fig. 72. Steel Floor Condensation Prediction Graph 
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Fig. 73. Steel Roof Construction 
 
 
Fig. 74. Steel Floor Condensation Prediction Graph 
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Concrete Masonry Units 
 
Fig. 75. CMU Construction Assemblies 
 
 
Fig. 76. CMU Wall Construction 
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Fig. 77. CMU Condensation Prediction Graph 
 
 
Fig. 78. CMU Roof Construction 
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Fig. 79. Built-up Roof Condensation Prediction Graph 
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Hybrid Construction 
 
Fig. 80. Hybrid Construction Type Assemblies 
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Fig. 81. CMU Wall Condensation Prediction Graph 
 
 
Fig. 82. Composite Floor Condensation Prediction Graph 
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Fig. 83. Built-up Roof Condensation Prediction Graph 
 
Mechanical Systems 
 
The Classrooms mechanical systems were selected based on local climate 
conditions.  The area of Santa Barbara has a slight wind chill that requires most 
buildings to be heated rather than cooled.  The systems selected are Radiant Floor, 
Variable Air Volume (VAV) Single Duct, and Geothermal Water Heat Loop Pump.  The 
three systems are deployed into each construction type for every prototype tested. 
 
 
Fig. 84. Radiant Floor 
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Fig. 85. Geothermal Water Heat Loop Pump 
 
 
Fig. 86. Variable Air Volume (VAV) Single Duct 
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Base Case Model  
 
 The Base Case model is orientated with windows south facing and the 
doors north facing.  The intention is to allow the maximum amount of daylight into the 
interior space.  The ceiling height is 9 ft with 12 parabolic luminaries installed into 
the ceiling. 
 
Fig. 87. Axonometric 
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Fig. 88. Level 1 
 
 
Fig. 89. Section 1 
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Fig. 90. Section 2 
 
Fig. 91. 3D View 1 
 
Fig. 92. 3D View 2 
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Prototype 1 
 
The classroom dimensions for prototype 1 has been slightly altered by adding 
transom windows 7 feet for the finished floor.  The additional windows improvements 
will increase in Daylighting.  The luminaries have not been changed.  
 
Fig. 93. Axonometric 
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Fig. 94. Level 1 
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Fig. 95. Section 1 
 
 
Fig. 96. Section 2 
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Fig. 97. 3D View 1 
 
 
Fig. 98. 3D View 2 
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Prototype 2 
 
The classroom dimensions for prototype 2 are similar to the previous 
prototype in the fact that the number of windows remains the same.  The 
modifications to the classroom are interior alterations.  These changes are in the 
ceiling height and light fixtures.  The ceiling height has been raised to 10’ 3” to allow 
more sunlight into the classroom.  The light fixtures have been changed to 6 linear 
strip luminaries. 
 
Fig. 99. Axonometric 
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Fig. 100. Level 1 
 
Fig. 101. Section 1 
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Fig. 102. Section 2 
 
 
Fig. 103. 3D View 1 
 
 
Fig. 104. 3D View 2 
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Prototype 3 
 
The classroom dimensions for prototype 3 have been radically altered from its 
predecessors.  The design incorporates new ideas and technology that is a 
requirement for modern classrooms.  The classroom floor has been slanted at a 15 
degree angle to provide optimal views for each student.  The windows have been 
carefully placed to provide ample Daylighting and to decrease glare.  The window on 
the east and west walls wash the interior walls that provides good lighting and less 
distractions.  Light shelves and top lighting has also been added to assist the linear 
strip luminaries.  The ceiling has been design to bounce light into task areas and 
allow minimal amount of glare onto the chalkboard.  A drop-down screen has also 
been installed with a projector. 
 
Fig. 105. Axonometric 
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Fig. 106. Level 1 
 
 
Fig. 107. Section 1 
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Fig. 108. Section 2 
 
 
Fig. 109. 3D View 1 
 
  
Saupan 98
 
Fig. 110. 3D View 2 
 
Load Analysis 
Each classroom was simulated with each type of construction and mechanical 
system.  The classrooms were then compared based on their performance.  The 
Heating and Cooling Load Analysis reveals that concrete masonry units combined 
with a built-up rood is the best combination for this particular climate.  This particular 
construction assembly proved to be 15% more effective when a heating load is 
applied.  Heating is the primary objective for the classrooms; although Cooling is a 
factor in determining how well each classroom performs.  The Cooling load is only 6% 
improved but it is still an improvement.  A detailed log of the data output has been 
provided to show how the best construction type and system was determined. 
  
Saupan 99
 
Fig. 111. Base Case Data 
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Fig. 112. Prototype 1 Data 
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Fig. 113. Prototype 2 
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Fig. 114. Prototype 3 
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Formal Concepts 
 
Santa Barbara Learning Center 
 
 
Fig. 115. Site Plan 
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Fig. 116. Ground Level 
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Fig. 117. Second Floor 
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Fig. 118. Site Sections 
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Fig. 119. Site Elevations 
 
 
 
 
Fig. 120. SBLC North Elevation 
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Fig. 121. SBLC South Elevation 
 
 
 
 
Fig. 122. SBLC East Elevation 
 
 
 
 
Fig. 123. SBLC West Elevation 
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Fig. 124. 3D Perspectives 
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Sustainable Concepts 
 
The sustainable concepts designed into the complex of building are 
Daylighting, Site Reuse, Renewable Energy, Water Management, Indoor Air Quality, 
and Recycling.  The Daylighting strategies are evident within the Office, Library, and 
Classrooms.  The site has been 100% reused to decrease the amount of building 
waste attributed to demolition.  The roof of the library contains 35 photovoltaic 
panels that are used to power the most of the complex.  The photovoltaic panels 
contribute to 20% of the energy used to power the buildings.  The water run off from 
the roofs of the building is stored in a cistern and used for irrigation and non-potable 
water.  The remainder of the water is discharged into the ground at a manageable 
rate.  The non smoking law prohibits smoking within 50 feet of the any building.  The 
complex has recycling bins at various locations. 
 
Barn Design 
 
The design of the barn is most interior improvements that allow for the new 
program.  The barn will house exhibits from the presidio era and various artifacts 
local to ranching in the area.  The original stall planks have been reused for exhibit 
panels.  The remaining structural supports that need not been needed were removed 
and only the necessary members remained.  Interior curved walls were added to 
proved users with a unique experience not inherent with the interior of traditional 
barns. 
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Fig. 125. Barn Design 
  
Saupan 112
 
Fig. 126. Barn Elevations 
 
 
Fig. 127. Interior Renderings 
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Software Comparison 
This portion of the Doctorate Project will examine the two software’s used to 
perform building simulation.  The first two sections will provide insight on why 
students and professionals should use building performance simulation tools to 
improve design at all levels of design. 
 
Integrated Environmental Solutions 
The <Virtual Environment> is easy to learn and easy to use, and can be used 
by everyone involved in the design process. At its heart is the Integrated Data Model 
or IDM. This is shared by all the building assessment applications and can be used 
with your existing CAD systems. Anyone (you don't need to be a CAD user) can 
construct detailed 3D models, perform advanced building analysis and share data 
between applications. As well as being better informed, the design team will 
communicate more effectively and develop designs more quickly, easily and 
efficiently – which means greater productivity and improved building performance.  
Below is a list of clients that has used IES in the past with great results. 
 
 
Fig. 128. List of clients 
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This Doctorate Project is geared toward motivating students to use building 
simulation as a daily tool in design.  The cost of the software is $130 for a student 
license.  This price is very reasonable for the amount of tools in IES.  The student 
license is a fully functional license and can be renewed at the same cost of 
subscription. 
Green Building Studio 
Green Building Studio, Inc., an architectural, engineering and construction 
software company, is the industry’s leading provider of building energy analysis tools 
and web-based sales lead and advertising solutions.  Green Building Studio, Inc. 
introduced the Green Building Studio web service to the A&E user community on April 
21, 2004.  It is available at no charge and is being aggressively marketed by the 
major CAD vendors, Autodesk, Graphisoft, and soon Bentley, as well as through trade 
publication coverage and internal Green Building Studio, Inc. sales and marketing. 
 
GBS removes major barriers to energy efficient and sustainable green building 
design as well as streamlining everyday engineering tasks.  It provides whole building 
energy analysis using the widely accepted building analysis program, DOE-2, at no 
charge to the design team.  With Version 3.0 we introduced two versions of our 
service. The Pay-Per-Run version of GBS has limited features and the Corporate 
Account is the full-featured version. The features and prices are listed in the table 
below. 
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Fig. 129. Price list for GBS online service 
 
Benchmark 
This section will compare software’s on a benchmark system.  The key factors 
are time, cost, and accuracy.  The time factor is meant to determine the speed at 
which the outputs can be delivered to the user.  The cost factor will determine the 
monetary value of attributed to the Doctorate Project.  The accuracy factor will 
establish the amount of control the user has over the physical and analytical model. 
 
Time - “How long does it take to receive output data?” 
IES – The simulations are immediately outputted to the user. 
GBS - The simulations are immediately outputted to the user. 
Note:  This feature is now available in 3.1v. 
The recent update of GBS is to counter IES ability to output the data immediately. 
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Results - Both IES and GBS perform equally well based on the amount of time 
needed to wait for the output data.  The result is a tie. 
 
 Cost – “What is the cost of the output data?” 
IES - The cost of the Software is $130.  This includes a year license and unlimited 
runs.  The renewal of the license is half of the total cost of the software. 
 
GBS - The cost for the first 5 runs on a personal account on GBS is free, any 
additional runs is $10.00 per run.  There is a corporate account that cost $1,000 per 
workstation.  The corporate account has unlimited runs and the renewal for a year 
subscription is the same as the purchase price.  The corporate account includes 
more featured outputs like PV potential analysis and Carbon Neutral potential. 
 
Results = IES is more economical than GBS in all aspects. 
 
 Accuracy – “How much control do I have over 3D model?” 
IES - IES is a plug-in to Revit Building.  The plug-in allows the user to make quick 
changes to the design and see how those changes affect the performance of the 
building.  The IES software allows the user to test unlimited amount of construction 
material and assemblies. 
 
GBS - GBS is similar to IES in that it uses a BIM Modeler to generate site specific 
details about the project.  The control of the model is only limited to what can be 
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created in the BIM modeler.  GBS has a model control feature similar to IES.  It’s the 
Design Alternative option.  These options can only be available after you have made 
your first run. 
 
Results – IES offers more control over BIM models than GBS because IES offers the 
capability to customize building material assemblies and building systems.  GBS will 
default the material assembly settings and cannot be modified to fit the user’s needs.  
Therefore, IES out performs GBS in accuracy. 
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Conclusion 
 
The results based on the benchmark reveals that IES out performs GBS in 
Cost and Accuracy.  These factors are the most important aspects of building 
performance software.  Although the outputs vary somewhat in type, there are 
similarities between the two software’s outputs’.  This variance in output reveals that 
if both software’s are to be used, the designer’s will have a holistic understanding of 
how site specific factors will impact design decision making. 
 
I believe that IES is the best building performance tool available on the market 
today based on its Cost and Accuracy. We will see IES and more building 
performance tools start to develop into more user friendly tools and will eventual 
become main stream within the next two years. 
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Appendix A 
 
Heating & Cooling Loads Reports 
Base Case 
Wood Construction with Radiant Floor 
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Wood Construction with Variable Air Volume Single Duct 
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Wood Construction with Water Heat Loop Pump 
 
 
 
 
 
 
 
 
 
 
 
 
  
Saupan 122
Concrete Construction with Radiant Floor 
 
 
 
 
 
 
 
 
 
 
 
  
Saupan 123
Concrete Construction with Variable Air Volume Single Duct 
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Concrete Construction with Water Heat Loop Pump 
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Steel Construction with Radiant Floor 
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Steel Construction with Variable Air Volume Single Duct 
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Steel Construction with Water Heat Loop Pump 
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CMU Construction with Radiant Floor 
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CMU Construction with Variable Air Volume Single Duct 
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CMU Construction with Water Heat Loop Pump 
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Hybrid Construction with Radiant Floor 
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Hybrid Construction with Variable Air Volume Single Duct 
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Glossary 
AEC - Architecture, Engineering, and Construction 
BIM – Building Information Management 
ECOTECT – Simulation Software developed by Square One 
GBS – Green Building Studio 
gbxml – file extension format used to import files from Revit 
LEED – Leadership in Energy and Environmental Design 
IDM – Integrated Design Model 
IES VE – Integrated Environmental Solutions Virtual Environment 
Revit MEP – Revit Mechanical, Electrical, and Plumbing 
RF – Radiant Floor 
UCSB – University of California @ Santa Barbara 
USGBC – United States Green Building Council 
VAV SD– Variable Air Volume Single Duct 
WHLP – Water Heat Loop Pump 
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